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1 . This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 4 sheets, including this cover sheet. 

ISI This report is also accompanied by ANNEXES, I.e. sheets of the description, claims and^r drawings which have 
been amended and are the basis for this report andbr sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 1 3 sheets. 



3. This report contains indications relating to the following items: 

Basis of the opinion 

Priority 

Non-establishment of opinion with regard to novelty, inventive step and Industrial applicability 
Lack of unity of invention 

Reasoned statement under Rule 66.2(a)(iO with regard to novelty, Inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/PL 03A)0066 



I. Basis of the report 

1. With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 

Description, Pages 

1 -4 received on 03.1 2.2004 with letter of 30. 1 1 .2004 
Claims, Numbers 

4, 5 as originally filed 

1 -3 received on 03.1 2.2004 with letter of 30.1 1 .2004 

2. With regard to the language, ail the elements marl<ed above were available or furnished to this Authority In the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 andfer 55.3). 

3. With regard to any nucleotide ancUbr amino acid sequence disclosed in the international application, the 
intemationai preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemationai application in written fomi. 

□ filed together with the intemationai application in computer readable form. 

□ furnished subsequently to this Authority in written fomi. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
In the intemationai application as filed has been furnished. 

□ The statement that the information recorded In computer readable fomi is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/PL 03/00066 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-3 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-3 

Industrial applicability (lA) Yes: Claims 1-3 

No: Claims 



2. Citations and explanations 
see separate sheet 



INTERNATIONAL PRELIMINARY international application No. PCT/PL 03/00066 
EXAMINATION REPORT - SEPARATE SHEET 



Novelty. Art.33(2^ PCT and Inventive stap. Art.33(3^ PCT 

JP-A-2000001765 discloses a method of vacuum decarburization, in which a gas of 
70% ethylene gas and 30% acetylene is used, (cf. [0024]). The mixture of claim 1 is 
novel since the disclosed acetylene to ethylene ratio is, therefore, 0.428 - which is 
below the claimed lower limit of 0.5. However, claim 1 is directed to a gas mixture per 
se. The gas mixture is only alleged to demonstrate a surprising effect when used in a 
process of under pressure carburizing. It has neither been alleged, nor demonstrated, 
to have a surprising effect pe se over its entire scope. Therefore, since the mixture Is 
not limited to use in a method of low pressure carburizing, it does not have an 
inventive merit over its full scope. The mixture of claim 1 is not inventive. 

The same applies in principle to the preferred features in claims 2-3. 



Form PCT/SeparatB Sheet/409 (Sheet 1) (EPO-Aprll 1997) 



Hydrocarbon g3S mixtm^.for ^e^ujaA^r-Bt^wc^^ ofsteOi 

Tfie object of the preseirt myentioh relates to a mixture used in vacnum 
furnaces ^ niiileWurV cafi>iirfeing of steel prodUds, niainly parts of : 
nmchines. vehicles and all sorts of mechanical apparatuses. 

From the US Patent 5,702,540 a process is known, in which a charge is 
processed ^er vacunm in Ae presence of a earbon carrier which c^^^^ 

misatarated aHphatic hydrocarbons, where the pressure- in the chamber shall not be 
higher than ; IcPa- . 

Another US Patent, $.187,111, uses gaseous eftiylbne asihe carbon carrier and the 
pressure in^P chamber sM l^e within the mn^ of 1 to 10 l^a, whereas the 
■pKarg^ sk# W^tfe§^t«WpeEa*«^be^^:9^^^ 

Th& patent . EPO 0,882,811 is alpo know i» whidi the carbon carrigr is 
• a.hydrocarbpnwith.a^strictl:lc^^ 

To obtain tte returned ^arbmizini^ r^ult the carb6A mnet, piii^l€^e or Jacetylene, 
' kiniodncedtoahotva^ furnace: chamber A carbmtog stage either 

" in a contmuo^ or S ptd^ manner. Tbe carbon carrier can.be-introdnced togeliifeF 

with other chemically inert gasbs, e.g. nitrogen, argon, or active gases, e.g. 

hydrogen, in order to control the efficiency and cleanness of the carburizing 

process, as well as with active nitrogen carriers, e.g. annnonia, fer carbonitriding 

ofsteeL 

The maa» point and esseace of the present invention is the mixture for under- 
pressure carburizing, ensuring decomposition of 70% to 90% of hydrocarbons. The 
mixture consists of the carbon carrier, containiiig acetylene and ethylene; while the 
acetylene to ethylene ratio is within the range between 0.5 and 2.0. 
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2-. • . ■ 

Mc^over. the. ca*.oa earner is nuxed with liydro^^^^ 
the case of mixing the . carbon. carriW . with . by4ro8pn.YOtoe i^^ 0.7 to. 1 should 
be maintained. Por ammonia this ratio is 0.7 to 5.0. 

The mixture according to the present inv^tion is characterized by the e^ect 
of synergy of imiform carbnriiing of intricate shape worlq>icces,. especiaUy those 
. with' narrow and- deei. hollows o£l complex- shapes- and- recesses,, and effecUve 
elimination of side-prodncts of vacumn caiborizing of steels such as soot and tar 
with carbon carrier consumption reduced ev^ twice. 

. . ..On the other hand, high degree of hydrocafbons debomppsition reduces 
.cohs^denibly the creation of by-products, e.g. soot and tar, ^d the entire sjream of 
caibonis ^cientiLy transferred to the charge surfece., 

On^ of possible implementeitiQns of th^ mixture- for. undpr-pressme. 
. . caiburizihg accotding to the present invention, is /illustrated - by . 
examples, while the brfeces ofthe samples are shown ih 

Example! 

A ftaiac^ chamber of the, siz^. 200x20036400 mm v^;diarged vdth worlq»i^^^^ 
made onoW carijon: steel, grades, together witii three s^les made of l^GrMhS 
with de^, narrow hoUows of complex shapes. The total surfece area of the c^^^ 

was 0.4 m*. After heating mider vacumn up to 950'>C the caibon carrier was. 
introduced - comprising acetylene and ethylene in the volmne mtfp l.O, miied with 
hydrogen m the volmiie ratio LIT - with constant flow rate 190 Wfr and pressure 
pulse was generated in the fomace chamb^ within the range of 3 to 8 mbar. Steel 

woilqpieces w«e heated 20 minutes under this atmosphere at the temperature of- 
950'>C, then under vacuum for 10 minutes and th^ were then cooled down, to the 
ambient temperature. Oa entire sur^ce of the-'samples mduding the entite cross 
section of the deep bbinplex shape hbllow, formation of the carburizing layer was 
fourid. The layer was of a uniform perUtic structure without precipitation of 
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secojidary carbides and of a imifom depth of 0.44 ±0.05 mm measiffed according 
to the limit structure of 50% pwUte and 50% f€^. No evidence of soot and tar 
was foimd either on the surfece of carburized woApieces or in the fumacei chamber 
interior. • * 
Example 2 

A furnace chamber of tie size 200x200x400 mm was charged With woikpieces 
made of low caApn steel grades togethet with three samples vidth made of i7CrNi 
withdeepi haifQW hoUolivs of ciniplex shapes, llie total sutfece.arbia of the chargie 
was 0.4 m^ After beating under vacuum up to 950-C flie caibon carrier was 
introduced - comprisipg acetylene iand ethylene iK tlie volume ratio 0;55, mixed 
with hydrogen in the volume Mo 1.45 - wifli const^ flow rate 208 1/br and 
v I^eMure pulse was generated in ihe furnacie chamber., wilhk .^e r^ to., 
i iSbar. Steel Woriq>ieces were hrated 20 liiiikutes under itas atm^bsphere at the 
impirature of 950''C, then under vacuum for 30 minutes, and. th^n.^cooJed to 
iL kribieut temperatuife under 6 bar nitrogen pt^essUte. Oii ihe §uffece of all the 
sanq)les including the entire cross section of the deep cpinplex sh^e hpllow, 
formation ot the caibmi^ laye* wa? fdimd. The l^yer wa^. of 4 miiform : 
martenzitic structure without precipitation of secondary Carbides and of a uniform 
idepth of -0^46^* 0.05. mm^taeasured according to the iijlmiAtmiH^ of 
500 HVoi. No evidence., of soot and tar 'was found either <hi the surfece of 
. carburii^ woikpieces or in the funaacechsm^ h " '. - . 

• • • • . 

Example 3 

In a furnace with chaniber of the size 200x200x400 mm six vacuum Carbnrizing. 
processes vdth various carburizing mixtures were performed. In each process the 
carboDL carriiOT comprised acetylene and ethylene. Was additionally mixed with 
hydrogen. Composition and proportions of used A, B, C, D, E, P carburizing 
mixtures aye shown in Table 1. In each sbc processes charge consisted of 
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woikpieces made of low carbon sted 17CrNi with deep with the total surfece..area 
of 0.4 After heating under vacuum up to 950<'C the carbunzing tnixttire was 
introduced at const^ pressure of 5 mbar fot 20 mi^;.P^fing.this mPSmf^P^ of 
gas leaving furnace chamber were taken and checked for chemical compbSltiott on 
a mass spectrometer. Afterward ttie- charge was heated under vacuum, and then 
cooled to the ambi^ temperatme. Results of spectrometdc measurements 
representing decomposition of acetylene and ethylene are shown on the Figure 
No 2. Jn (he processes D and E intensive effect of synergy of accelwated 
decomposition of acetylene in presence of ethylene and hydrogen was observed. 
No evidence of soot and tar was found in the femace chamber interior while the 
caibon cartifef consumjktion was teduced ovw twiop comparing to the process C 
UDiform G^burized layers were found on att external and internal sm^ces of ^ 

^ar^urissed .parts. " • 

• '•* • 

•••• *•• 
Example 4 . . . ^ 

While actmg as m example 2, the heating of woikpieces tmd^ vacuum iq> to the 
temperature, of 905<>C is followed by the introduction of the carbon carrier 
containing acetylene and ethylene in the volumetric proportion of 0.66, mixed with 
ammonia in the volumetric proportion of 1.1. The mixture is iniroduced at the 
constant rate of 140 1/hr, while the pressure inside the chamber' is kept pulsating 
within the rang? b^tWe6n 3 .and 8 mbar. 5teel woilg)iws are heated in this 
atmosphere at ilie temperature of 905«C for lb minutes,. ai«a- in- vaouum for SCT 
minutes, and ihen, fest cooled to ro6m temperaftire under 6 bar ni^ogen pressure. 
On entire sample sur^ces. as well as on entire cross-section of deep opening of a 
complex shape fonnation of carburizedlay« was found. The layer was of uniform 

martensitic structure, without secondary carbide precipitate, characterized by 
uniform thickness of 0.39 +7-0.05 mm, determined according to the criterion of 
minimum limit hardness - 500 HVoi. No evidence of soot and fer was found either 
on the surfece of carburized workpieces or in the fomace diamber interior. 
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PATENT CLAIMS: 



|7}rhe mixture: fer. m4eL-psess»i:e caiibimzmg employ mg the two-componeat 
cai-bon caqder in form of unsaturated hydrocariK)i is, ^ 



CaiDOJl uaM-ivJA Jtu w* , ^ — I 

Erg^^^^ is characterized in that it W,n«wes ttte dawi^ giSSl 



If- 70% to 90%^^ ^^^ibam - suic^i as mixt^'e cgMsts of tiie cai'bc 



^. «,a<>m^.ta>. r tl-i. » the earhi^ eatrieris also 

2. The mixture for under-pressure caiburi2diig according to claim .1 is 
, characterised m that the said.caFbon carrier § niixed .with- hydrogen, in the • 

■ proportion from 9.7 to 1.6. ... : 

' i. The mixtwe for under-pressure carburi2dng according to claind 1 is 

■ characterized in that the said carbon caiiier g mixed with ammonia in the 

I » . 

proportion ftom .0.7 to 5.0. . 
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Hjrdrpcarbon g^s mixture for theund/Br-presSurecart»urizuig of steel 

The object of the present inveBtioii reiates to a inlxture used in vacuum 
finaiaces fdr under^pressiii» carburizmg of steel products. m^X. parts of 
maehines, vehicles and all sorts of mechMical ^paratuses. 

From the US Patent 5,702,540 a process is- known, in which a charge is 
^,rbeess6d under vacuum in the ptesenc^j of a carbon carrier wHch conasts of 
wsaturated aliphatic hydrocarbons, wher6 die pressure in.tfee chamber shall notbQ 
'iii^^"^£in*'IK^a. ' • • . • • 

. j^o^GT 'V^^ uses gaseqvis .ethyl?iie.a5 Ihecaibon carrier and the 

pr^sstir^ 'ii the chamber shall be wito the -range of 1 l» 10 kPa, wheress the 
■ soharge. shall have the itemperahjre bjstween 90frQ and.UQG^C. . • ' 

The pafent EPO 0,882>11 is also known in' 'w^ch Ihe caibon carrier is 
• ahydfr99arbon>ithji!S^ • " " * 

To o^ftain the required c^uriping result the carbon carrier, ethylene or acetylene, 

is inti^d^ t6 aliot va<iudm fbrnace aiW^ 

m ^ continuous or a pjulse mamidr. The carbon carrier can be mtroduced together 
"Wtfer other cBienuc^^^ inert gases, e.g. nitrogen,;, argon,, or a<^ve ^es.. e.g> 

hydrogen, "in order to control the efficiency and deannfcss of the carburizing 
. proQes?,^as"weU as wilJi -active nitrogen ctoiefs, e.g! aininonia, ftrf carbonitriding 

ofste^. 

' • • The inain poiiit and essence of the present invention is the mixture for under- 
pressure narhiiriTinp fismin ^ decompositJoS of 70% to 90% of hYdrocarbons. Thg 

: . blixture coasist^ of flag ggg-faon carrier,. <?agteyi& agetyle.B& and e^vleae> white tM 
^cetvJeae to ethylene ratio is within the rang e between 0.5 and 2.0-1 
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lyfereoverj the carbon carrier § mixed with liydrogea or with- ammonia. In 



the ease of mixiztg the c^bon earner with hydrog^ volmne ratio 0.7 to 1 should 
be niaintaiffed. For affiuioniallitsr ratio w D.7 to 5.0. 

The nuxture according to the present invention i§ characterized by the effect 
of synergy of nniform carbnrizing of intricate shsqpe wojkpieces, e^ecially those 
with narrow and deep hollows of complex sh^es and recesses, and efi^ctive 
elimination of side-products of vacuum carburizmg of steels such as soot and tar 
with caibon carrier consumption-reducfed even twice. 

jpn ^e otiter hand, high cfegree' "of hydrouarfaons (fecomposition i^ducesj 
! ponsiderat^t!rtt[^ crgatron of byrproda^^^ and the entire stream"^ 



iKaptmxs-emgiiggtty transfetre<fcfc> tb ig cto ge surito . 



Qnie of p6ssible implementations of the iaixture for under^-pressw^ 

•parburi;gng according. to ti!ie. pres^ invention is iHii^itrated by the following 

examples, while tit^e svir^ces of the samples are shown in the JQgure enclosed., 
_»'•■■ ■ . 

l^inple'l .-. * 

A furnace chaj^jiber of the size 200x200x400 nun was charged wdth worljpieces 
niade -c^^lccv^-^c^i^Qii ste^ grades together with three samples made of 16CrMa5 
with deep, narrow hollows of complex shapes. The total siir&ce area of the charge 
was 0.4 JCQ^; After fieatmg under vacuum up to 950**C the carbon carrier was 

. mtroduced r comprising jace^te^e afed etKyleS^ in the volume ratio 1.0, mixed with 



hydrogen in the voluxne ratio 1.17 - with constant flow rate 190 1/hr and pressure 
pu^ was generated in the fymaco chamber witfaib the range of 3 to S mbar. Steel 
woifqpieces were heated 20 minutes Under this atmosphere at tibie temperature ot 
950^C, then under vacuimi for 10 minutes and they were then cooled down to the 
ahibienf temperature. On entire sur&ce of die samples including the entire cross 
sec^oi) of ^e de^ cbihpleX sh£$e hollow, foraiatioii of th6 eaihurizing layer was 
fbiQ&d. -.The layfer was of a unifbnn perKtic structure' without precipitation of 



seconda^ carbides andof a »»formdepih of 0.44 ± O.OS mm nieasared according 
to lie limit str»cte6 of 50% perUte and 50% farfte. No efvidwK* of soot and ter 
was found eilhcron the sorfeceof caAurized workpiecesiw inthe ftoace chamber 



mteriof. 



Example? 

A furnace chamber of the size 200x200x400 nmi was diarged with workpieces 
made of low carbon steel ^des together with Aree samples with made of 17CrKi 
with deep,.narTOW hoUows of complex shapes. Tbe total'surface area of the charge 
was 0.4 ml After heating und^vacu^j^to 950'*C: tfie carbon carrier was 
intr<)dnced. - comprising ^^[^[^S m'^e voiijme ratio gH] mixed 



mOi.hydrogen in the volmne ratio 1:45 - wiJh constant flpw rate 208 Vhr and 
pres^ pulse was generated in the furnace chamber within the range of 3 to 

.. ^ ha^ar. 'steel wojrkpieces were heated 20 minutes .un^^r this atn^osphere at the 
4mp^ture of 950«C, ien under vacuum for 30 minutes,, ar^d . then fest cooled to 
^ei ambient tempetature undfer 6 bar nitrogen pr^sSurfe. ok :^e ^ce of an the 
samples n^cluding liie entire .cross section of the deep .comple^^ shaiie holjow, 
formation.of flie carburizing layer was found. The layer >^ of a uniform 
..rftart^tic structure without pi;dcipitation of secondary carbides and of a uniform, 
depth of 0.46 ± 0.05 imii measured according to the mifiimimi limit hardness of 

" 560 HVoi/no evidence of soot and tar was found either oi the surfec6 of 
eafburized woriq>iec0S or in the fijniace <tenb«^i^^ 

Ei^ampleS 

In a furnace with" chamber of the size 200x200x400 mm six vacuum carburi2ang 
. processes wifli various darburizihg mixtures Were performed, in each process tiie 
carbon carrier cojnprised acetylene and ethylene was additionally mixed with 
' hydrogen. Composition and proportions of used A, B. C, D, E, F carburizing 
mixtures are shown hi Table 1. In each six processes charge consisted of 
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waikpieces made of low crfrn'-st^d pCflWs^tti ^^ib,.:^.^^ 
or 0 4 After teatag »na« vacuum.up to 950^ *i ^jlSun^ag^PH!^ . 
•ta«oa»ced at constant pressure of S mbar for 20 min, l>uring aas tiine;sa«pfes of 
gas leaving &mace chamber v»ere tafam m che<*ed for chepical composinoi. . . 
a mass spectrometer. Afterward to .charge, was hea^ wder.Va^uum;. and .then 
«,«lea to the *mW«.t teaper«t»re. %alts>f s(»cttoid«tte m,?Wfe 
teiEffesewa* deeoapositioa.of fecet^555^djtl^- ^. °" .^"^ 
W i I» the i«ocesses.D and E intensive effect of synergy of accelerated 

■ iccinposMoo: of ice^y^«» &i pJeseflbe of ethylene and fw*og«l was observed. 

■ I4p evidence Vsoot and t^ ^as *.&d in fbWe diambff inferior wWe 

: .^^rbonWfc^ ionsvniption was ^Ased over twice c<^p»ii«;.to- AC.^OO^* C- 

lirifiattoaburiiedl^.w^^ 

- . „ L- * ' • • • • • • '■ • ■■ ■:• r t ' . • 

. carburizedpart?.- •.. . •. • • -;• - 

- ■• •• .•. •• ' -tj-; , .• •• • ' • •'* 

1 •• -•■ • ■ . • 

Example 4: . ' ' ' ' .■>••• ■, — • • ^ , : 




i^.:^'r^m-h^ ^^^^ worte^^gsyar^ heated 



■ ^ r _ - ^> LjtI^ ^^,.,,^0^ rsTi 
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■ • * , • • • 

The mixtare for i^der-pre^sure carburiziiig. Mplt>i^^^ Vo-cpmpqneiit 
carbon carrier m form of imsa^rated hydrocibonsi >6niet^es mixed vnih 
hydrogen and anunonia. is chdi^cterize* la tot it.diisures fhe=<^^ 
of 70% to 90% of hydrocarbons and such as mixtuteWistp of the^^n • 
carrier, cont^g acetylene and 6^ylene. While the acetylene to e^yleiie^ratio 
is wi&in^e range between 0,5 '^d 2.0, ^e the cafbon. carrier- is. also mixed 
wifli hydrogen and animorn^ , . . . : ' 
2 The ."mixture for nnder-pr^sure. carfjurizing acdirdiig -.tb . 

iiharactcrized in ttat the s^d carfiOtf carried \s ii^x^d^yH^^ . 
^ {TopprtiQnd&om 0.7 to 3:.6. ■■' ' ■' - ./K"--;". • 

3. The :mb^ for ' imde^^pressin^; .carbin^ '^^^ - 

' <Airiiiteriiid" in ait 5aid.carbqn <s^e^ is 110x64 with- 



proportion feom 03 to 5 ."0 ». 



I • t 
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Compositions and proportions of investigated caibnriznig mixtures. 



Co!mDOsiti<m of flie mixture [%] 








Process 


A 

A 


D 




D 


E 


F 


At^^lene 


n 

V 


< 

J 




23 


27 


40 


Ethylene 


80 


70 


55 


33 


27 


0 


Hydrogen 


20 


25 


32 


44 


46 


6a 


lAcetyleae aad etfayleae ratio in carbon 




-0:07 


■0:23^ 


0.69 


i.o 


o6 


carrier 








Mydrogen to caarbon carrier ratio in the 
nuxture 


4.0 


3.0 


2.13 


1.27 


1.17 


6.66 


Carbon-camer Gonsumptionl/min- 


266 


215 


166 


76. 


70 


62 


Carburizing.imifonnity in deep hollow (see 
■Fife 1) [ 




• +/- 


+ 


• + 




+ 


Gfiarge cleanness after process 


+ 


+ 


+ 


+ 


+ 


m 



Degree of decomposition of the carbon carrier components in the carburizing. 

mixtures 



100 
90 
80- 



950 "C 



70 



a. 60 
I 



-40- 



20 
10- 
0 



Q'Acetylfen 
BEtylen- 



^ •- 



B 
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Shape and sizes of the caihurizins sample 



'I • 
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